Background and Purpose: The objective of this paper was to evaluate effects of implementing lean manufacturing in a Serbian confectionery production company during a period of 24 months, emphasizing observed benefits and constrains. Company 'case study' is a leading confectionery producer in Serbia with annual production of more than 25,000 t. Methodology/Approach: The research method was case study. The approach in implementing lean manufacturing was structured in five phases, as follows: (i) training, (ii) analysis of lean wastes on one technological line, (iii) choice of lean tools to be implemented in the factory, (iv) implementation of lean tools in production and maintenance, (v) development of continual improvement sector and further deployment of lean tools. Results: Lean manufacturing tools implemented in the production process were visual control and single minute exchange of dies (SMED). Maintenance process implemented 5S with total productive maintenance (TPM) and problem solving sessions being the tools implemented in both processes. During the observed period, results of these tools showed the following: visual control tables initiated 61 improvement memos out of which 39% were fully implemented; a total of 2284 minor problems had been recorded, with over 95% of issues revealed in due time; total SMED time decreased for 7.6%; 19 problem solving sessions were initiated with 58% of solving effectiveness, and the remaining converted to on-going projects. In maintenance 5S improved from 29.9 to 60.3; overall equipment effectiveness (OEE) indicator increased from 87.9% to 92.3%; mean time between failure (MTBF) increased for 16.4%. Conclusion: As a result of all activities, 20 in-house trainings and 2 'kaizen' events including motivational training have been initiated with 54 documents being revised and improved in order to contribute to more efficient processes.
Introduction
The birth of lean was in Japan within Toyota in the 1940s and was developed with its suppliers in the 1950s and 1960s as the Toyota Production System (TPS) (Ohno 1998; Schonberger, 2007) . The basic idea in TPS is to produce the kind of products needed, at the time needed and in the quantities needed such that unnecessary intermediate and finished product inventories can be eliminated (Monden, 1983) . It is based around the desire to produce in a continuous flow which did not rely on long production runs to be efficient (Melton, 2005) .
Lean tools and techniques within the 'lean manufacturing' concept include: (a) Streamlined layout -a layout designed according to optimum operational sequence; (b) Standard work -consistent performance of a task according to defined methods with no waste; (c) Visual control -a visual method of measuring performance at the 'shop floor; use of this technique enables a fast check of all information -tooling, parts, production activities and process indicators at a glance; (d) 5 S's (sort, set in order, shine, standardize, sustain) -five activities used to create a workplace suited for visual control and lean practices; (e) Point-Of-Use-Storage (POUS) -raw materials, parts, information, tooling, work standards, supplies and procedures are stored where needed; (f) Batch size reduction is a technique in reducing batches to the smallest possible size to enable single and continuous flow; (g) SMED (single minute exchange of dies) -a changeover reduction technique defined as a time between the last good piece of the current run and the first good piece of the next run; (h) Poke yoke -an 'error-proofing' technique -a process used to prevent errors from occurring or to immediately point out a defect as it occurs; (i) Selfinspection -inspection and process control by competent employees so they understand if the product passed to next operation is of acceptable quality; (j) 'Jidoka' or 'autonomous machine' -form of automation in which equipment automatically inspects each item after producing it, ceases production and notifies humans if a defect is detected; (k) Total productive maintenance (TPM) which covers practices primarily designed to maximize equipment effectiveness through planned predictive and preventive maintenance of the equipment and use of maintenance optimization techniques; (l) Just-in-time (JIT) philosophy related to 'zero inventories' or 'stockless' production so batches should always be as small as possible, in order to achieve onepiece flow with batches sizes of one so ''only the necessary products, at the necessary time, in the necessary quantity are delivered''; (m) Cellular and flow -physically linking and arranging manual and machine process steps into the most efficient combination; (n) Kanban -a visual signal to support flow by 'pulling' product through the manufacturing process as required by the internal / external customer; (o) Value stream mapping (VSM) a method of mapping current and future value flow of the entire production process (Alukal and Manos, 2006; Holweg, 2007; Melton, 2005; Rooney and Rooney, 2005; Rubio and Corominas, 2008; Ward, 2003, 2007) The objective of this paper was to evaluate effects of implementing lean manufacturing in a Serbian confectionery production company during a period of 24 months, emphasizing observed benefits and constrains.
Effect of lean manufacturing in food industry
Effects of implemented various quality improvement concepts have been analyzed by various authors focusing their research on different segments (Table 1) . Depending on the timing of evaluation of effects, three different kinds of evaluations can be recognized: ex ante (prior to implementing an improvement concept), ongoing/mid-term (during implementation) and ex post (upon implementation). Lean manufacturing has its advantages in the fact that it's a concept that was developed more than 50 years ago and has been theoretically analyzed by many authors. In order to evaluate these effects, the ex post approach is used through structured surveys with the possibility to enumerate the inputs and outcomes, but with certain difficulties in estimating the overall benefits and constraints. Limited studies from the field, time consuming approach, small sample size and a few studies from the food industry raise doubts about the relevance of results and challenge this approach.
Materials and method
A structured survey was conducted from January until March 2013. The data used for this research were collected, processed and analyzed for a period of 24 months (2011) (2012) . The continual improvement manager of the company was asked to provide the authors with their QMS documents and record. Review of documentation covered overview of production, maintenance, control and training records including records of non-conforming products, list of corrective and preventive actions and management review, including various monthly reports. Structure survey included on-site visits to the company and meetings, including e-mail and phone communication during the survey period. Data were processed using ©Microsoft Office Pack 2007. 
Topic covered Authors
Quality management performance and effects (Arauz and Suzuki, 2004; Lagrosen and Lagrosen, 2005; Van Der Spiegel, Luning, De Boer, Ziggers, and Jongen, 2006; van der Spiegel, Luning, Ziggers, and Jongen, 2003) Use of quality tools in quality management (Alsaleh, 2007; Sousa, Aspinwall, Sampaio, and Rodrigues, 2005) Total quality management practices (Beheshti and Lollar, 2003; Fotopoulos, Psomas, and Vouzas, 2010; Psomas and Fotopoulos, 2010) Lean manufacturing (Cagliano, Caniato, and Spina; Eroglu and Hofer, 2011; Losonci, Demeter, and Jenei, 2011; Panizzolo, 1998; Shah and Ward, 2003) Organizacija, Volume 47 Special Theme: Application of Quality Management Number 3, August 2014
Calculating and evaluating the results
In order to present results, calculation of various indicators is further explained. Overall equipment efficiency as an indicator of total productive maintenance (TPM) was calculated by using the equation (1.1) (Chan, Lau, Ip, Chan, and Kong, 2005; Feld, 2001; Smith and Hawkins, 2004) . [%] (1.1)
OEE = Equipment Availability x Performance Efficiency x Quality Rate
Evaluating time saving in product changeovers, SMED index has been calculated according to the equation (1.2).
Σplanned changeover time -Σachieved changeover time
Σachieved changeover time SMED = · 100 [%] (1.2)
Mean time between failure (MTBF) presents a statistical estimate of the time a component, subassembly, or operating unit will operate before failure will occur (Higgins and Wikoff, 2008 The company implemented and certified its quality management system according to ISO 9001 in 1997. Food safety system based on hazard analysis and critical control points (HACCP) was certified in 2002 being upgraded in 2011 by certifying their food safety management system according to ISO 22000 and FSSC 22000. In year 2004 they certified their environmental management system (EMS) according to ISO 14001 and in 2011 their occupational, health and safety management system according to BS OHSAS 18001.
In the mid of 2010, company decided to implement lean manufacturing in the company with the aim of improving effectiveness and efficiency focusing on production and maintenance. Period of implementation was November 2010 -December 2012 and the approach in implementing lean manufacturing was structured in five phases: (i) training, (ii) analysis of lean wastes on one technological line, (iii) choice of lean tools to be implemented in the factory, (iv) implementation of lean tools on chosen production lines in production and maintenance, (v) development of continual improvement sector and further deployment of lean tools throughout the entire factory.
Results

Initial training
First activity in implementing lean manufacturing was to conduct awareness training to middle management responsible for production, maintenance, control and purchasing processes. It included managers, shift leaders, supervisors, engineers and technologists. A total of 82 employees attended five one-day trainings during November and December 2010. The training covered introduction to the following lean tools referred to as building block of lean (G. and A., 2006) : streamlined layout, standard work, visual controls, 5S, POUS, batch size reduction, SMED, poka-yoke, selfinspection, autonomation, TPM, JIT, cellular and flow, pull system / kanban. Value stream mapping has not been covered during the initial training. During the training, all participants were asked to evaluate possibility of implementing certain tools within their process in order to help the management in developing lean manufacturing. First option gave the respondents the opportunity to rate their degree of agreement with statement concerning usage of tools in the company according to a five-point Likert scale. The usage of tools was rated from 1 'not applicable in the company' to 5 'very applicable in the company', where 2 was referred to 'hardly applicable', 3 to 'possible to use' and 4 to 'applicable' (Table 2) .
Analysis of wastes on one technological line
Waste of resources has a direct impact on costs and quality. Conversely, the elimination of wastes results in higher qual-ity, customer satisfaction, profitability, effectiveness and efficiency, (Alucal and Manos, 2006) . Due to the overall complexity of the company with many technological lines and diversity of product portfolio, it has been decided to evaluate lean 'wastes' on technological line "No. 9" where five different products are manufactured and changeovers are interesting due to the fact that for some changeovers, detailed cleaning and sanitation should be performed in order to avoid allergen cross contamination. The line works in three shifts, seven days a week. Evaluation of wastes was performed by observing the production process for four days in a row during the first month of the project (January 2011). Three methods were used: (i) interviewing workers on the line, (ii) reviewing available documents and records and (iii) taking photos and videos of most significant wastes.
First observation was connected to identifying the most predominant waste. Any activity in a process which does not add value to the customer is called 'waste', (Alukal and Manos, 2006; Melton, 2005) . Eight types of waste have been evaluated, as follows: (i) defects, (ii) overproduction, (iii) waiting, (iv) non value added processing, (v) transportation, (vi) Inventory, (vii) motion of workpower and (viii) employee knowledge (Rooney and Rooney, 2005) . Inventory was identified as the most significant confirming Ohno's conclusion that "the greatest waste of all is excess inventory" (Ohno, 1998) .
Deeper analysis of wastes connected with time showed that SMED results have the greatest variations in both directions above and below targeted time. Records showed rounded figures on 5 minutes with low level of employee awareness on the importance of precise recording SMED results. Also, for some combinations of changeovers, there were no targeted times. Estimation of time savings for decreasing targeted values for one minute every two months for long changeovers (over 45 minutes) and one minute quarterly for shorter changeovers would achieve saving between 6,6% and 10%. However, the primary task was to define target values.
In the same analysis, deployments of losses connected with OEE were transfers to six TPM losses, as follows: failures and set-up adjustments (connected with availability), reduced speed and minor stoppages (connected with performance) and production defects, start-up rejects and yield (connected with quality rate), (Higgins and Wikoff, 2008; Smith and Hawkins, 2004) . Analysis showed the distribution of the losses with set-up and failures being the predominant with 66.4% of total lost time, followed by defects participating with 19.9% and reduced speed and minor stoppage contributing with 13.7%.
Choice of lean tools to be implemented in the factory
Upon completion of training and analysis of wastes on one technological line, a 'Kaizen' event has been organized in order to present the results and inform employees which 1 1 = 'not applicable in the company', 2 = 'hardly applicable', 3 = 'possible to use' 4 = 'applicable', 5 = 'very applicable in the company' 2 Sd -standard deviation 3 100 % corresponds to n = 82 respondents tools are to be implemented. In order to accept employees' choice of tools, management accepted their choice of 5S and visual control (Table 2) . On the other side, in line with the results from the analysis of waste where time has been identified as the major improvement resource, TPM and SMED have been chosen by the management. Finally, problems solving session have been initiated by employees from quality control. Lean manufacturing tools implemented in the production process were visual control and single minute exchange of dies (SMED). Maintenance process implemented 5S with total productive maintenance (TPM) and problem solving sessions being the tools implemented in both processes.
Discussion
Visual control tables
First visual control table has been posted on line "11", in the third month of the observed period. It has been decided to use control tables and record all problems that occurred during the week. Upon successful experience, two types of tables were designed -for communicating problems and for communicating performance indicators with improvement memos. In the next four months a total of 30 visual control tables have been placed within the production plant "I": two for the overall production, 11 next to production lines, 13 next to packaging system, three in raw materials preparation area and two in maintenance. A problem table consisted of the following data (date, shift, problem, solution, responsible person, due date, status and duration of downtime). Overall production performance indicators were number of quality and food safety complaints, product quality index and the number of injuries. Next to production and packaging lines indicators were Overall Equipment Effectiveness (OEE) index, product quality indicators and parameters from control charts. Production plant "II" started with the project in the 9 th month and until the end of the first year a total of six tables have been placed for the overall production, for production lines and for packaging systems.
During the observed period visual control tables initiated 61 improvement memos out of which 39% were fully implemented and a total of 2284 minor problems had been recorded, with over 95% of issues revealed in due time.
Overall Equipment Effectiveness
One of the fundamental measures used in TPM is OEE. World-class levels of OEE start at 85%, targeting equipment availability at 90%, performance efficiency at 95% and quality rate at 99% (Smith and Hawkins, 2004) . The OEE index has been followed on nine production lines for the period of two years and it increased from 87.9% to 92.3% (Table 3) .
During the first quarter of 2012 more precise method of recording data has been established so a certain dropdown effect occurred. Figure 1 gives an overview of the three indicators used for calculating OEE during the 24 month period.
SMED
In line with visual tables, within the production area "I", 24 SMED tables have been posted in order to follow the time for changeovers. In the first twelve months, time for changeovers have been recorded and followed on a shift basis in order to determine necessary time for all product combina- tions. It is important to highlight that on some production lines up to 20 different products are produced so it took several months in order to record all changeover combinations. After the first year, time for changeovers has been determined and reset every three months. Table 4 shows SMED results for the second year of the project. Negative results show that more time was needed for changeovers than planned. This is in direct relation to problems that occurred on the lines and downtime that occurred from various failures. On the other side, on lines that didn't have problems positive results show big opportunities for decreasing time.
Latest fine-tuning in 2012 decreased SMED time for 7.6% or 3473 minutes.
Problem solving sessions
Problem solving sessions started in the 10th month of the project as an initiative of the Quality Assurance Department.
As an input for problem solving sessions, initial training of the middle management from various sectors (production, quality, maintenance, design & development) in order to achieve multidisciplinary team. Training included problem solving techniques, Ishikawa diagrams, root cause analysis and 5W methodology. Brainstorming was promoted giving all participants equal possibility to identify root cause(s) and suggest solutions. A total of 19 problem solving sessions with an average of two meeting per session were initiated with 58% of solving effectiveness, and the remaining converted to on-going projects. Problems that were being solved indicate four categories -equipment efficiency, product quality, production process capability and organization of work. In average, eight participants took active roles per every session.
5S
In months 4 -6 of the first year, training for implementing 5S tools in maintenance has been performed. Along with the training a checklist has been created to evaluate implementation of all five steps in 5S giving each "S" 5 question weighing 20 points (4 points each). In total 100 points was the maximal value for full implementation. First set of question for "sort" outlined sorting of equipment, spare parts, tools, aspects of visual control and existence of obsolete inventory (with red tags) including written standards and documents. Second set of questions for "set in order" highlighted existence of location indicators for shelves and storage areas, item indicators and various signboards, quantity indicators, demarcation and inventory areas and arrangement of jigs and tools. "Shine" set of questions emphasized cleanliness of floors, machines, work surfaces, cleaning responsibilities and habitual cleanliness. Fourth set of questions for "standardize" highlighted use of 5S documents and visual standards of the maintenance area as well as improvement ideas and plans. Set of "sustain" questions, highlighted overall evaluation in light of awareness of workers, storage of all elements (tools, equipment, and parts), area control and use of visual control tables. Starting from the 6 th month, 5S has been evaluated on a quarterly basis in 5 sectors -'Fitters workshops', 'Mechanical workshops', 'Handy storage', 'Storage of spare parts' and 'Offices' (Table 5) . Overall, in maintenance 5S improved from 29.9 to 60.3.
The main two constraints were to use "red tags" and identify unnecessary inventory as well as to sustain 5S practice. Mainly workers complained that they have their own working habits for many years and that sustain of 5S is time consuming.
Total productive maintenance
Total productive maintenance (TPM) was another tool used. Within the project, three main pillars have been identified: autonomous maintenance, planned maintenance and quality maintenance. Within planned maintenance, calculation of maintenance indicators has been initiated during the 16 th month. As the key indicators mean time between failure (MTBF) has been calculated for production line "11" for the period 2006 -2011 in order to evaluate this indicator in light of existing practice. MTBF has been calculated for all components on the production line, as well as for the entire line as an entity. At the end of 24 months MTBF has been calculated for nine production lines and results are presented in Table 6 .
As a result of implementing TPM, new and developed TMP work instructions have been created in order to avoid technological failures that can be prevented. On five technological lines with developed work instructions, MTBF of components improved for 36%.
Development of continual improvement sector
After 12 months, a new organizational function has been established -the continual improvement (CI) manager with the responsibility to promote cultural change necessary to implement lean manufacturing. Its main objective is to identify opportunities for continual improvement in two directions. First is working with all employees through organizing internal trainings and presenting lean tools as well as organizing weekly workshops with production, quality assurance and maintenance. All employees have the possibility to initiate their own suggestions for improvement and CI manager is responsible to evaluate all suggestions and to organize and monitor their implementation. Second is calculating and evaluating production, quality and maintenance indicators and identifying areas for optimizing quality costs, resources and processes.
Conclusion
As a result of all activities, 20 in-house trainings and 2 'Kaizen' events including motivational training have been initiated with 54 documents being revised and improved in order to contribute to more efficient processes. The main challenge in this project was gaining commitment from employees due to the fact that some employees understood the entire project as additional control, more work for them and threat of losing their jobs. Middle and top management put much effort in promoting the entire idea and explaining the necessity for workers to participate and give their contribution. Unlike implementing management standards where implementation process is usually a 'top -down' method, in lean manufacturing, the company implemented 'down-up' method enabling workers fully participate and giving them the possibility to present their improvement ideas.
Limitations of the research stem from the use of results from one company so the results should not be generalized. Given the great technological and other differences within various food industries, more research is necessary to determine if similar results would be derived from different companies across various other food industries. 
